Mineral dissolution plays an important role in the neutralisation of acid rain, the supply of nutrients to soils, water quality and climate control. Mineral dissolution is studied both in the field and in the laboratory. Typically, field dissolution rates are up to several orders of magnitude less than those measured in the laboratory. One of the most important parameters in determining laboratory dissolution rates, and also one of the least well understood, is mineral surface area. Surface area is typically measured using gas adsorption isotherms and the BET equation (Brunauer et al., 1938) and can be considered to comprise an internal and external component. Hochella and Banfield (1995) state that 'definitions of external and internal surface remain mathematically precise, but physically approximate'. In this contribution we follow the definitions of White (1995), thus:
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(modified from White, 1995) where AnET = BET surface area (m2g-I), s = roughness factor accounting for departure of external surface area from that of a completely smooth particle, p = density (gin-3), D = grain diameter (m) and AINT = internal surface area associated with walls of pores and cracks (m2g-I). To further our understanding of mineral dissolution, and as a possible means of accounting for at least some of the discrepancy between laboratory and field dissolution rates, it is desirable to have information on the distribution of the surface area of experimental materials between the internal and external components. Here we present information on the values of internal and external surface area for different size fractions of four different unweathered alkali feldspars using gas adsorption, the BET equation, the t-plot method and SEM observations.
Results
BET surface area increases with decreasing grain size. The rate of increase varies between feldspar types. Adsorption isotherms indicate that all the samples are either non-porous or contain pores with diameters greater than 2 nm. SEM observations indicate that three of the samples, all perthites, are porous whilst the fourth, Eifel sanidine (structurally homogeneous), is not. Hysteresis loops indicate the presence of pores in some samples but not others. The geometry of pores predicted by the shape of hysteresis loops (open ended cylindrical or slit shaped pores) does not agree with SEM observations. t-plots indicate the presence of micropores in all samples. Calculations indicate that if smooth walled cylindrical micropores were present their diameters would be a similar size to alkali feldspar cell dimensions. Such pores would only just be accessible to the N2 molecules used to measure surface area. For rough walled micropores with an irregular, but roughly circular, cross section, pore diameters would be even smaller. It therefore seems likely that the microporosity is not due to naturally occurring pores, but rather to microcracks produced during the grinding involved in sample preparation. Internal surface area due to micropores is far more significant than that due to meso-and macro-pores. Micropore surface areas vary between the grain size fractions of individual feldspar types as does grain habit and meso-and macroporosity. It seems likely that surface roughness will also vary between grain size fractions. This means that it is not possible to predict the relative magnitudes of surface area due to the exterior grain surface (external surface area) and that due to the surfaces of pores and cracks (internal surface area) from equations which assume constant internal surface area and surface roughness. There is no consistent trend in the relative importance of internal and external surface area. It is concluded that the magnitude of internal surface area is a function of varying crack surface area due to intensity and duration of grinding. External grain surface area is greater than can be explained by SEM resolvable features. These conclusions should apply equally to laboratory and naturally ground grains.
Implications for dissolution studies
Dissolved species may be advected away from exterior grain surfaces whereas at the bottom of cracks, where fluid may be stagnant, dissolved species are likely to be removed by diffusion. This difference in removal process will have an effect on dissolution rates. Dissolution in cracks is likely to be less rapid than at the exterior of the grain. Therefore the increase in BET surface area during the crushing of experimental material, which is a function of both grain size reduction and the generation of microcracks, does not necessarily cause a proportional increase in dissolution rate. Thus, as suggested by Hochella and Banfield (1995) the comparison of BET surface area normalised mineral dissolution rates from different experiments must be carried out with extreme care.
